SUMMARY The concentration of zinc in the hair of 219 schoolchildren aged between 10 and 11 years was measured and related to height, weight, estimates of consumption of zinc-rich foods, number of children living at home, and rank in family. None of the correlation coefficients between hair zinc and the other variables was significant. Mean concentration of zinc was higher (P<O 001) in the girls (146 ,ag/g; 2.23 ,umol/g) than in the boys (1 18 ,ug/g; 1 .81 Vmol/g). Eight children (3 .7% of the total) had <75 ,ug/g (<1 .15 ,umol/g) zinc in their hair but only one of them was below the 10th centile for height or weight-a girl with coeliac disease.
1975). Zinc deficiency has also been identified in adolescent boys in the Middle East (Ronaghy et al., 1974) , and in boys and girls in the USA (Hambidge et al., 1972) , but no reports have been published of zinc deficiency in any normal British population.
Zinc deficiency in children before the age of puberty is characterised by retarded growth, poor appetite, and loss of taste acuity (hypogeusia). Hambidge et al. (1972) considered that a hair zinc concentration of <70 ,g/g (<1I07 ,mol/g) represented marginal zinc deficiency, and in a group of 132 children aged between 4 and 16 years in Denver, Colorado, 10 had hair zinc concentrations lower than this. Eight of these children had heights at or below the 10th centile on the Iowa growth charts and 5 responded to treatment with zinc. in the survey, and 219 agreed. With the exception of 2 Negro children and one Indian child, all were white, The heights and weights of the 219 children were measured, and 157 of them returned the diet sheet and simple questionnaire which they had been asked to complete. The questionnaire contained questions about the date of birth of the child, heights and occupation of the parents, the rank of the child in the family, and whether or not he or she had school meals or was on a special diet (for example, for reasons of health or religion).
Rough estimates of zinc intake were made by classifying foods into 5 categories according to zinc content, class 1 foods (for example fruit, leafy vegetables, butter) containing the smallest amounts of zinc and class 5 (for example, lamb, beef) containing the greatest, and calculating the weight for each category of food eaten.
Samples of hair (10-20 mm in length and weighing about 500 mg) were taken close to the skin from the same region of the nape of the neck for each child; these were then cut into lengths of 1-2 mm with scissors. After exhaustive washing with acetone, detergent solution (sodium lauryl sulphate, 100 g/l), and distilled water in sequence, followed by a final rinse in acetone, the hair samples were air dried between filter paper. Duplicate samples of approximately 100 mg were digested in 2 ml concentrated nitric acid of a special grade, low in trace elements at 850C for 2 hours in a stoppered tube. After cooling, the digests were made up to 25 ml with glass-distilled water and analysed for zinc by atomic absorption spectrophotometry. Analysis of 13 replicate samples from the hair of one individual gave values with a coefficient of variation of 6 %. 958 Concentration ofzinc in the hair ofschoolchildren 959
Results
Correlation coefficients were calculated for each sex between individual hair zinc values and height, weight, number of children living at home, rank in family, and consumption of the different categories ofzinc-containing food, and none ofthese coefficients was statistically significant. The correlation coefficients between number ofchildren living at home and height (-037) and weight (-0.41) were, however, significant (P <0 * 01) as were the correlations between rank in family and height (-0-21), and maternal and child's height (+0 23).
The mean hair zinc concentration was higher in girls than boys (P<0-001) ( Table 1) . This large sex difference has not been reported previously in children, probably because no other studies have been carried out with such large numbers of children over such a narrow age range. The distribution of hair zinc values was normal ( Table 2 ). The mean values are similar to those reported by Klevay (1970) for this age group in Panama, but are somewhat lower than the values observed by Hambidge et al. (1972) for American children. Eight children, 6 boys and 2 girls, had <75 ,ug/g zinc in their hair but only one of these children was below the 10th centile for height or weight-a girl with coeliac disease.
14 children were found with heights at or below the 10th centile and 19 had weights below this centile but, apart from the girl with coeliac disease, none had hair zinc <90 ,ug/g (<1 38 ,umol/g). There was thus no evidence that short stature and low weight were associated with zinc deficiency, or indeed that the deficiency of zinc suggested by low hair zinc was sufficiently serious to depress growth. All the diet sheets available for the normal children in these subsamples suggested that their diets were adequate in both quality and quantity, but the records were not sufficiently detailed to permit any accurate calulations of actual zinc intakes to be made. No assessment was made of the stage of sexual development of the children but it was clear from their heights and weights that whereas most of the girls had entered the adolescent growth spurt, only a few of the boys had done so. Only 6 of the 127 girls had reached the critical weight of 48 kg which Frisch and Revelle (1971) have related to the menarche. The range of hair zinc of these 6 girls was 90-200 ,ug/g (1 -38-3 -06 ,tmol/g), a mean of 139 ± 15 5 ,ug/g (SEM) (2' 13 ± 0 24 ,umol/g), indicating that this subgroup did not differ significantly from the whole population.
Discussion
There was no evidence of a serious deficiency of zinc in these 219 normal children, despite the fact that 3.70% of them had concentrations of zinc in their hair within the range commonly accepted as indicative of a marginal deficiency.
Requirements for zinc increase at puberty, particularly in boys, presumably associated with the high concentration of zinc present in the testes and accessory male sex glands (Mawson and Fisher, 1953) , and a deficiency of this element appears to be more common in males than in females. In this context it is interesting to note that the mean hair zinc concentration was lower in the boys than the girls in this series, suggesting that boys may have smaller body reserves of zinc than girls to support the increased demands of puberty.
A similar sex difference in hair zinc concentration has recently been reported among New Zealand students aged between 18 and 27: in that study the mean hair zinc in the male subjects was 180 ± 3 9 (SEM) [ug/g (2 75 + 0 06 ,umol/g) and in the females 195 ± 3@1 ug/g (2 83 ± 0 05 ,umol/g) (P<0 01) (McKenzie, 1979) .
A major problem in using hair as a biopsy material for the assessment of trace element status is the danger of contamination by extraneous matter, particularly by cosmetics; whereas superficial 'dirt' is readily removed by efficient washing, lacquers and dyes may be impossible to remove completely by group.bmj.com on June 21, 2017 -Published by http://adc.bmj.com/ Downloaded from normal washing. We were certainly aware of these problems and renewed each portion of wash liquid until it remained absolutely clear and colourless, but no comparisons were made between the zinc content of unwashed samples and samples at different stages of the washing process. Although the possibility that the sex difference observed in hair zinc concentrations was due to the greater use ofzinc-containing cosmetic preparations by the girls cannot be ruled out entirely, this explanation seems rather unlikely in view of the age of the children, particularly as our mean values were somewhat lower than those reported for American children. Furthermore, McKenzie (1978) showed that treatments such as dyeing, bleaching, and cold waving decrease the zinc concentration of hair. Nevertheless, in retrospect, we wish we had included a question on the use of hair preparations in our questionnaire.
Further studies should be carried out on the zinc status of older children and adolescents. In the Middle East, zinc deficiency is thought to be conditioned by the high phytate content of the staple food of the population, unleavened whole-wheat bread, and the zinc nutrition of the children ofof schoolchildren. 
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